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ABSTRACT 



This report considers the state of science and mathematics 
achievement in the United States, with a focus on the lower average 
achievement of minority students and on the relatively high proportion of 
minority students who achieve at high levels in mathematics and science. The 
data and analyses available from many sources suggest that meeting the need 
for highly skilled workers over the next decade and beyond will be 
problematic unless focused efforts are made to improve achievement. Sections 
of this report examine supply and demand projections for various occupations, 
the barriers to meeting emerging shortages, and the status of minority 
representation in science and engineering. Also reviewed are achievement in 
elementary and high school, the prospects for progress, and the extensive 
work that needs to be done. The report is intended to inform efforts in these 
crucial areas: (1) starting early; (2) better teaching; (3) raising minority 

achievement; (4) identifying the sources of low achievement; (5) assistance; 
and (6) persistence. An appendix contains information on job outlooks for 
various occupations. (Contains 30 references.) (SLD) 
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Foreword 



My experience in corporate settings has taught me that 
the first step to solving a complex problem is to 
understand the system in which it operates. I believe 
that Paul Bartons report does this for a critical social 
and economic issue facing our country — the increas- 
ing need for graduate-level scientists and engineers and 
the need to reverse the low participation rates within 
these fields by persons of color. But, as this report 
makes abundantly clear, failure to address this chal- 
lenge is not only an issue of advancing opportunities 
for persons of color, it is also an issue associated with 
sustaining a desired stream of qualified scientists and 
engineers. Failure to expand the number of qualified 
individuals seeking advanced degrees in these sectors 
also jeopardizes the future economic success of this 
country. The inability to attract scientists and engi- 
neers from our entire population is problematic given 
the strong demand for scientists and engineers, our 
changing demographics, and the extraordinary turn- 
over we can expect in these employment sectors as 
baby boomers retire. 

Barton incorporates numerous critical information sets 
to help us better comprehend this significant issue. 
From the demographers, we learn that we are facing an 
increasingly diverse population. From the labor econo- 
mists, we understand that the number of jobs in these 
technical areas will continue to rise at a rapid rate, 
though we also learn that the number of individuals 
pursuing advanced degrees in these fields is falling. 

And from the educational research community, we 
find that the achievement level in mathematics and 
science at all ages, together with more general literacy 
skills, is woefully inadequate to repopulate and sustain 
a well-qualified and diverse science and engineering 
workforce. 

Just as this report clarifies that the challenge is not an 
issue only for persons of color , it also makes clear that 
this is not just a graduate education issue, either. While 



there are certainly steps that the graduate community 
can, and must, take to improve the situation, the larger 
story is that we must focus our efforts on improving 
the success of students from the beginning of their 
educational career. To expand the pool of those who 
will become our future scientists and engineers, we 
must create opportunities for young people to attain 
levels of academic competence that will allow them to 
succeed in mathematics and science majors in college 
and subsequently succeed at the graduate level. To 
accomplish this will require a concerted and collabora- 
tive effort by corporate, governmental, and educational 
communities. 

I firmly believe that the information presented in 
Bartons report will serve as the basis for ETS and 
others to better understand the systems that underlie 
access to graduate study. This understanding will help 
ETS and its partners create an infrastructure that will 
increase access. I also believe that the report provides 
ETS with the focal points needed to direct its partner- 
ships with corporations and the educational commu- 
nity to maximize the possibilities from existing activi- 
ties, and to design and implement novel approaches to 
facilitate entry into graduate study. 

This report serves as a reaffirmation of my values and 
the values of ETS, especially with respect to our desire 
to work with corporate, educational, and other part- 
ners to meet the shared goal of increased access. What 
is truly hopeful is that this report presents several clear 
pathways to help our nation reach a desired outcome 
— creating and implementing supportive systems to 
facilitate entry into graduate study for science and' 
engineering majors. 

Kurt M. Landgraf 
President 

Educational Testing Service 



Executive Summary 



Extensive and growing concern about the under- 
achievement of U.S. students in science and math- 
ematics — particularly after the fourth grade — has 
several interrelated dimensions: 

The general need for an educated citizenry in an 
increasingly technological society and economy; 

H The adequacy of the pool of well-educated young 
people from which we can draw a sufficient supply 
of highly skilled workers, scientists, and engineers, 
a need interrelated with the large disparities in 
academic achievement in the student population 
generally; and 

® The inequality among racial and ethnic groups in 
achievement in science and mathematics and their 
underrepresentation in science and engineering 
professions. 

Our unfortunate plight is conveyed by the title of a 
just-issued ETS report, The Twin Challenges of Medioc- 
rity and Inequality: Literacy in the U.S. from an Interna- 
tional Perspective! This report highlights the mediocre 
literacy skills of U.S. adults compared to those in other 
countries and shows that as a nation we are among the 
worlds leaders in the degree of inequality between our 
best and worst performers. A triple challenge would 
include the underrepresentation of minorities among 
our high-achieving students and in graduate schools 
that produce our scientists and engineers. 

Mounting evidence has spurred business organizations 
into activity on a number of fronts, with warnings 
becoming increasingly shrill. A recent newsletter 
issued by the National Alliance of Business was head- 
lined “Skilled Workforce Shortage Could Cripple 
U.S. Economy.” 



Capability in mathematics and science is obviously 
critical to pursuing science and engineering profes- 
sions. Yet, international studies show that U.S. stu- 
dents lose ground in science and mathematics achieve- 
ment, compared to those in other developed countries, 
after the fourth grade. And while this country made 
some gains in mathematics achievement over the last 
decade, only about one in five twelfth grade students 
are considered to be “proficient” by the National 
Assessment of Educational Progress (NAEP); further- 
more, science achievement actually slipped in the 
1990s. In terms of inequality, just 3 percent of Black 
students and 4 percent of Hispanic students reach the 
proficient level in mathematics by the twelfth grade. 

What does all of this portend for the adequacy of the 
pool of talent from which we can draw our scientists 
and engineers, and for increasing the representation 
of minorities in these professions? To answer these 
questions, it is necessary to assess a number of factors 
that are involved. 

■ The projections of the U.S. Bureau of Labor Statis- 
tics indicate that science and engineering occupa- 
tions will grow over the next decade, in some cases 
much more rapidly than the economy generally. 

The fastest-growing occupation of all will be com- 
puter specialists, at 69 percent from 2000 to 2010. 
Other occupations will grow at below-average rates, 
but in some cases, declining output of graduate 
schools will necessitate filling many vacancies in the 
next ten years. 

■ Enrollment in graduate schools that prepare people 
for most engineering, mathematics, and physical 
science occupations has followed a downward trend. 



1 Andrew Sum, Irwin Kirsch, and Robert Taggart, The Twin Challenges of Mediocrity and Inequality: Literacy in the U.S. from an International 
Perspective , Policy Information Report, Policy Information Center and the Center for Global Assessment, Educational Testing Service, February 
2002. 
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■ While there has been recent growth in the number 
of master s and doctorate degrees awarded, the 
award of bachelors degrees in the decade 1987-88 
to 1997-98 has been down by: 

- 14 percent in engineering; 

- 22 percent in computer science; and 

- 26 percent in mathematics. 

In these subject areas, fewer students will be in the 
pipeline to get graduate degrees. The population of 
20- to 21-year-olds was stable from 1988 to 1998, 
so population change does not account for these 
large declines. For example, over the same time 
period, there was a 9 percent increase in the number 
of bachelors degrees awarded in the physical sciences. 

B As the baby boomer scientists and engineers retire, 
they will have to be replaced. To borrow a vivid 
description of demographers, the bulging baby 
boom pig will complete its journey through the 
labor force python in the next 10 to 15 years. 

■ While the number of 1 8- to 24-year-olds will grow by 
3 million by 2010 and offer possibilities of a fresh 
supply of scientists and engineers from our colleges 
and graduate schools, there is one striking fact about 
that population increase: only 3 in 10 will be White. 
(Among all 18- to 24-year-olds, the percentage of 
those who are White will decline from 66 to 62 
percent). White students currently represent a dispro- 
portionately large share of degree recipients. 

■ Blacks, Hispanics, and American Indians — who are 
currently underrepresented in college and graduate 
school programs — will constitute almost 60 percent 
of the population increase over the next decade. And 
as pointed out above, only 3 or 4 percent of high 



school seniors from these subgroups currently reach 
the “proficient” level in mathematics. While the 
growth in the proportion of these minorities in the 
18- to 24-year-old population is not dramatic, it 
does point toward need for greater effort to improve 
their educational achievement. 

Together these facts make it clear that meeting our 
nations future economic needs will not be possible 
without improving the math and science achievement 
of underrepresented minorities. This report documents 
the extent to which minorities are represented in 
science and engineering occupations. Although they 
are still underrepresented, the fact that their propor- 
tions have been advancing provides hope that further 
efforts, appropriate to the scale of the need, will meet 
with further progress. This report hopes to inform 
efforts in six crucial areas. 

■ Starting Early. Equalizing achievement for White 
and minority students will mean starting early — 
although progress can still be made at later points of 
intervention. Early childhood education beginning 
at age three can help level the playing field. The 
recommendations in the just-released report Pre- 
school for All: Investing in a Productive and Just 
Society , by the Committee for Economic Develop- 
ment, make the case. 2 

■ Better Teaching. Improvement in the quality of 
teaching in science and mathematics will be essen- 
tial. We can get guidance here from the recent 
report of The National Commission on Mathemat- 
ics and Science Teaching for the 21st Century, 
chaired by John Glenn. The report, Before It's Too 
Late y lays out a comprehensive plan. 3 

■ Raising Minority Achievement at the Top . The focus 
has been on improving the academic skills of the 



2 Committee for Economic Development, Preschool for All: Investing in a Productive and Just Society, Statement of the Research and Policy Commit- 
tee, 2002. 

3 Before It's Too Late: A Report to the Nation from the National Commission on Mathematics and Science Teaching for the 21st Century, September 2000. 



lowest performers and equalizing the average perfor- 
mance of White and minority students. Yet, average 
achievement will not produce scientists and engi- 
neers, and the 3 or 4 percent of minority students 
now reaching the proficient level on the NAEP 
assessment will not move us toward equality of 
representation in science and engineering occupa- 
tions. The National Task Force on Minority 
Achievement, created by the College Board, pro- 
vides a different and more appropriate focus in its 
report, Reaching the Top. 4 

□ Identifying the Sources of Low Achievement. The joint 
study by the National Center for Education Statis- 
tics and the National Science Foundation, Under - 
standing Racial-Ethnic Differences in Secondary 
School Science and Mathematics Achievement , 5 
provides a useful starting point for understanding 
and addressing the sources of low performance. 

□ Assistance. FTgh-achieving minorities from lower 
income families need help of a variety of kinds to 
make good choices and navigate the transition from 
high school to college. Financial aid is an important 
factor. In high school, guidance and counseling is 
very weak and has generally been ignored in the 
education reform movement. 

□ Persistence. Getting into and beginning college is not 
enough; there has to be persistence to graduation. 
We can obtain guidance here from two sources: 

- The study of 5,500 high-ability minority stu- 
dents, titled Persistence in Science of High-Ability 



Minority Students , by Educational Testing 
Service. 6 

- The U.S. Department of Education study, 
Answers in the Tool Box: Academic Intensity ; 
Attendance Patterns , and Bachelors Degree Attain- 
ment? The highest predictor of persistence to 
college graduation was taking a rigorous curricu- 
lum in high school. 

Meeting the need for better science and mathematics 
instruction, for an adequate supply of scientists and 
engineers over the next 10 to 20 years, and for more 
equality in the preparation and representation of 
minority populations in these professions are all 
interconnected. And while this report focuses on the 
science and engineering jobs essential to the economy, 
improving elementary and secondary education in 
science and mathematics would also address two 
other matters: the broader need for a skilled work- 
force generally, and the adequate preparation of 
students — particularly minority students who are 
underrepresented in higher skilled and higher paying 
occupations — to succeed in postsecondary education. 

It isn’t just tomorrow s innovative engineers and 
scientists who will drive our economy, but a larger 
cadre of well-educated workers in an array of fields 
that require quantitative and scientific knowledge. 

And beyond both a sufficient supply of scientists and 
engineers, and a large cadre of skilled workers, is the 
need to have a generally educated citizenry in a vibrant 
and democratic society. The task ahead is as daunting 
as it is necessary. 



4 The College Board, Reaching the Top , Report of the National Task Force on Minority High Achievement, 1999. 

5 SamuelS. Peng, DeeAnn Wright, and Susan T. Hill, Understanding Racial-Ethnic Differences in Secondary School Science and Mathematics Achieve- 
ment , U.S. Department of Education, National Center for Education Statistics, February 1995. 

6 Thomas Hilton, et al. Persistence in Science of High-Ability Minority Students , RR-89-28, Educational Testing Service, May 1989. 

7 Clifford Adelman, Answers in the Tool Box: Academic Intensity, Attendance Patterns, and Bachelors Degree Attainment, U.S. Department of Educa- 
tion, June 1999. 
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Introduction 



Many sources have told us that the United States has a 
real problem in the level of science and mathematics 
achievement among our students. This was a consider- 
able concern over a dozen years ago when President 
George H. Bush and the nations governors established 
education goals, later ratified by the U.S. Congress. 
One of these goals was that American students would 
be first in the world in science and mathematics 
achievement by the year 2000, although many people 
in the math/science community thought this goal was 
unrealistic on that time scale. Some progress was made 
in mathematics, but none in science. And interna- 
tional studies have shown that the U.S. is far from 
reaching this ambitious goal. 

This report concerns the state of science and math 
achievement generally. It is more specifically con- 
cerned, though, with the lower average achievement of 
minority students, and even more specifically with the 
relatively small proportion of minority students who 
score in the top reaches of science and math achieve- 
ment. Advanced achievement is the foundation from 
which this nation builds the next generation of highly 
skilled workers in an increasingly technological 
economy. And it is the foundation from which we 
produce scientists, engineers, and technology experts 
whose roles are so critical to our economic progress 
and our position in the global economy. 

The data and analyses available suggest that meeting 
the need for highly skilled workers over the next 
decade and beyond will be problematic unless focused 
efforts are made to improve achievement, particularly 
among underrepresented minorities. The demograph- 
ics are such that these minorities will constitute the 



great majority of the increase in population of 18- 
to 24-year-olds between now and 2010; almost 60 
percent of the three million increase in this age group 
will be Black, Hispanic, or American Indian. 

Improving the math and science achievement of 
minority students is only the first step, however. It 
will be necessary to increase the number of students 
obtaining undergraduate and graduate degrees in 
science, mathematics, and engineering. While demand 
is projected to remain strong in the occupations that 
require postsecondary degrees in these areas, enroll- 
ments and degrees in many of these occupational areas 
have declined over the last decade or are not growing. 
The gap between the supply and demand for such 
workers is likely to grow far bigger as the baby 
boomers — now at the peak of their capabilities and 
contributions — approach retirement. 

The following sections of this report examine supply 
and demand projections for various occupations, the 
barriers to meeting emerging shortages, and the status 
of minority representation in science and engineering 
— as well as high achievement in elementary and high 
school, the prospects for progress, and the extensive 
work to be done. One objective of this report is to 
provide a comprehensive but brief assessment of these 
matters. Another aim is to provide more detailed 
information for those with a more specific interest; 
accordingly, an appendix includes extensive statistics on 
supply and demand for scientists and engineers, and on 
progress in minority representation in these professions. 
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A Looming Shortage? 



On many fronts, the business community has sounded 
the alarm about shortages of educated workers. Many 
employers and business leaders point to American 
students’ weak achievement in math and science and 
predict devastating results for the supply of scientists, 
engineers, and other workers in our increasingly 
technological society and economy. For example, a 
recent issue of the newsletter of the National Alliance 
of Business (NAB), Work America, carries the headline 
“Skilled Workforce Shortage Could Cripple U.S. 
Economy.” The story begins this way: 

The focus of our education systems — K- 12 and 
postsecondary — is seriously out of line with the constantly 
increasing demands of tomorrow's world. The changing 
fields y functions and advances in technology demand people 
with better preparation in mathematics and science in 
particidar and in a wide variety of other skills in general. 

The concern is so great that NAB is leading a business 
coalition to do something about raising math and 
science achievement, both in the K-12 period and in 
postsecondary education. NAB is seeking to develop a 
“blueprint for action” that will help companies lever- 
age their investment in math and science education in 
smarter and more effective ways. 

Supply 

If the need for scientists and engineers is indeed 
growing, the enrollment statistics in our graduate 
schools are far from encouraging. In a few cases, 
small increases have been made, but the predominant 
trend in graduate school enrollments in engineering, 
mathematics, and the physical sciences has recently 
been downward. 8 

S From 1990 to 1997, total graduate engineering 
enrollments increased, then declined from 107,625 
to 101,008. (The peak occurred in 1992, at 



1 18,035.) The largest declines, in percentage terms, 
were in aerospace (22 percent), engineering science 
(19 percent), mining (20 percent), and nuclear (32 
percent). There was a large increase in biomedical 
engineering at 33 percent. 

H The peak graduate enrollment in the physical 

sciences also fell, from 35,348 in 1992 to 31,108 in 
1997. The largest decline since 1990 was in physics 
(19 percent). Enrollments in astronomy and chem- 
istry also declined. 

m Graduate enrollment in mathematical sciences also 
peaked in 1992 at 20,355, then fell each year, down 
to 16,759 in 1997. 

^1 In computer sciences, graduate enrollments rose by 
5 percent from 1990 to 1997, to 36,010, just under 
the 1992 level. 

El Graduate enrollments in earth, atmospheric and 
ocean sciences rose 5 percent from 1990 to 1997, 
but were down in 1997 from their peak in 1994. 

Coming off earlier gains in graduate school enroll- 
ments, the actual number of degrees at the doctorate 
level climbed substantially from 1987-88 to 1997-98, 
doubling in computer and information science, and 
rising 43 percent in engineering, 58 percent in math- 
ematics, and 20 percent in the physical sciences. 

Modest growth occurred at the masters degree level in 
computer and information science (22 percent) and in 
engineering (15 percent). Flowever, the number of 
masters degrees awarded in mathematics and the 
physical sciences and science technologies slid by 
6 percent over this decade. 

What is worrisome about the future trend in advanced 
degrees is the downward trend in bachelor’s degrees, 
except in the physical sciences (see Figure 1). 



8 National Science Foundation, Survey of Graduate Students and Postdoctorates in Science and Engineering Fall 1997 , cited in National Center for 
Education Statistics, The Digest of Education Statistics , 2000. In this report we focus on mathematics and the physical sciences, although some 
tables include data on the life sciences. 
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